Pediococcus pentosaceus ATCC 25745 was found to produce D-3-phenyllactic acid from phenylpyruvate. The optimum pH and temperature for enzyme activity were pH 5.5 and 45
3-Phenyllactic acid is a known antimicrobial compound with broad spectrum activity. 1) There is no detailed report on a comparison of antimicrobial activity as between D-and L-3-phenyllactic acid, but D-3-phenyllactic acid has been confirmed to have effective antimicrobial activity. In 1998, Dieuleveux et al. reported that Geotrichum candidum excretes D-3-phenyllactic acid, which inhibits the growth of Listeria monocytogenes.
2) In addition to L. monocytogenes, D-3-phenyllactic acid was found to inhibit a range of Grampositive and Gram-negative bacteria in humans and foodstuffs, including Staphylococcus aureus, Enterococcuss faecalis, Providencia stuartii, and Klebsiella oxytoca.
3) It has been reported that D-3-phenyllactic acid had a bacteriostatic effect in ultrahigh-temperaturetreated whole milk, which reduced the population by 4.5 log, to give fewer cells than in the control after 5 d of culture. 4) Due to its broad inhibitory activity on a variety of food-borne microorganisms, D-3-phenyllactic acid has interesting potential for practical application as an antimicrobial agent in the food industry.
Hummel et al. reported large-scale production of Dlactate dehydrogenase (D-LDH, EC 1.1.1.28) for stereospecific reduction of pyruvate and phenylpyruvate. 5) They analyzed the crude D-LDH of 40 lactic acid bacteria (LAB) strains, found that D-LDH catalyzes the reduction of phenylpyruvate to D-3-phenyllactic acid, and screened out the desired dehydrogenase, the D-LDH from Lactobacillus confuses 20196, which showed relatively high activity towards phenylpyruvate. Although it is known that D-LDHs from many microorganisms have substrate specificity for phenylpyruvate, thus far, the D-LDH has been characterized only from Lactobacillus plantarum SK002, 6) Lactobacillus pentosus JCM1558 (previously L. plantarum ATCC 8041), 7, 8) and Bacillus coagulans SDM, 9) with known gene and amino acid sequences.
In this study, D-LDH from Pediococcus pentosaceus ATCC 25745 was cloned and expressed in E. coli, and P. pentosaceus D-LDH was found to produce D-3-phenyllactic acid from phenylpyruvate.
P. pentosaceus ATCC 25745 was obtained from the American Type Culture Collection (ATCC), and was cultivated in DeMan-Rogosa-Sharpe (MRS) medium at 30 C without shaking. The whole genome of this strain in GenBank (accession no. CP000422.1) revealed that there is a putative D-LDH gene in the genome.
10) The putative D-LDH gene was cloned into pET-22b(+) vector at the NdeI and XhoI sites, with an in-frame fusion 6 Â histidine-tag sequence at the C-terminus in the reconstructed plasmid. E. coli BL21(DE3) was transformed with the reconstructed plasmid. Recombinant E. coli for protein expression was cultivated with shaking (200 rpm) in LB medium containing 50 mg mL À1 of ampicillin at 37 C. When the OD 600 reached 0.6, isopropyl -D-1-thiogalactopyranoside (IPTG) was added at 1 mmol/L, and D-LDH was induced and overexpressed at 30 C for 5 h. The enzyme was expressed as a 6 Â his-tagged fusion protein, and was purified by nickel-affinity chromatography (Novagen, Darmstadt, Germany) following the manufacturer's protocol (pET His Taq System, Novagen). The activity of D-LDH towards pyruvate and phenylpyruvate was routinely determined by measuring the rate of disappearance of NADH at 340 nm. The reaction mixture of 3 mL contained 50 mmol/L of sodium acetate buffer (pH 5.5), 0.2 mmol/L of NADH, 1 mmol/L of pyruvate or phenylpyruvate, and relevant amounts of the enzyme. Concentrations of 2 and 9 nmol/L were used in the pyruvate and the phenylpyruvate transformation assay respectively. The enzyme assay was performed at 30 C, and 1 U of enzyme activity was defined as the amount of enzyme that catalyzes the degradation of 1 mmol of NADH per min. D-3-Phenyllactic acid was measured using HPLC equipped with an Agilent Zorbax SB-C 18 column (4:6 mm Â 150 mm, 5 mm). A gradient elution was used with methanol/0.05% trifluoroacetic acid (solvent A) and water/0.05% trifluoroacetic acid 
Note encoding a polypeptide of 331 amino acid residues with a calculated molecular mass of 37,203 Da. The purified recombinant P. pentosaceus D-LDH showed effective D-3-phenyllactic acid-producing ability. Compared with the known D-LDH producing D-3-phenyllactic acid, P. pentosaceus D-LDH exhibited 63%, 63%, and 34% amino acid sequence identity with that from L. plantarum SK002, L. pentosus JCM1558, and B. coagulans SDM respectively.
The enzyme exhibited specific activity of 116 and 835 U/mg for phenylpyruvate and pyruvate respectively. Perhaps P. pentosaceus D-LDH can effectively convert phenylpyruvate to D-3-phenyllactic acid. It exhibited optimum activity at 45 C at pH 5.5 ( Fig. 1) . A comparison of the biochemical properties of P. pentosaceus D-LDH and other reported D-LDHs is shown in Table 1 . It has optimum pH with weak acidity, like D-LDHs from other LAB strains. 4, 5) The optimum temperature is the same as that of L. confusus 20196, 4) and is much higher than L. plantarum SK002.
5) P. pentosaceus D-LDH retained 87% of its initial activity after 4 h of exposure at 30 C, but activity markedly decreased at above 45 C (Fig. 1C) . Like D-LDH from other LAB strains, enzyme thermostability was not ideal, probably because, most LAB strains are mesophilic microorganisms. Recently, Zheng et al. reported a D-LDH from a thermophilic strain, B. coagulans SDM, but did not report its optimum temperature or thermostability. 9) As for the effect of 1 mmol/L divalent metal ions on P. pentosaceus D-LDH, Ni 2þ and Co 2þ simulated enzyme activity by 35% and 15% respectively. Mg 2þ and Zn 2þ only caused a very small enhancement of activity, and Mn 2þ , Cu 2þ , and Ba 2þ inhibited enzyme activity by no more than 30% (Fig. 1D) .
The kinetic parameters of P. pentosaceus D-LDH were measured using pyruvate and phenylpyruvate as substrates, and compared with D-LDH from other microorganism ( Table 1 
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